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(57) ABSTRACT 
A pulse train presence detector for a system having a 
number of interruptible devices, consists of a pulse gen 
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erator, interface device which receives a periodic trig 
ger signal and outputs a pulse train signal in response 
thereto, the pulse train signal is communicated to an 
NPN transistor and operates the transistor to alternat 
ing "on" and "off" states. A first current path is estab 
lished during the transistor "off" state through which a 
first current flows and charges a first capacitor. A sec 
ond current path branches off from the first current 
path, wherein a second current flows when the transis 
tor is "on'. A forward-biased diode in the first current 
path and an adjacent reverse-biased diode in the second 
current path block cross-flowing of currents between 
the respective paths. A second capacitor in the second 
current path is charged when the transistor is "on'. The 
current in the second path flows as a result of the 
charged first capacitor in the first current path, this 
second current serving to energize relay and to charge 
the second capacitor. When the transistor is turned 
"off", the second capacitor discharges to energize the 
relay. The charging and discharging times in this alter 
nating manner is selected to coincide with the pulse 
train segments. A too long high or low segment pre 
vents the charging of the second capacitor or discharg 
ing of the first capacitor. 

12 Claims, 2 Drawing Figures 
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PULSE TRAIN PRESENCE DETECTOR 

BACKGROUND OF THE INVENTION 

This invention relates to a pulse train presence detec 
tor, as can be particularly utilized in a braking system 
for a transit vehicle having a microprocessor control 
ling the braking operation. Such microprocessor-con 
trol arrangements have found wide-spread acceptance 
in many fields today, including the field of transit vehi 
cle braking systems which, because of the need to shield 
the riding public from harm, requires the highest degree 
of safety considerations. It is a required condition of 
such braking systems that, in the event of a failure of the 
microprocessor-control arrangement, in either the hard 
ware or software segments, the braking units are acti 
vated to effect stoppage of the vehicle. In some known 
applications of microprocessor-control systems, partic 
ularly in the field of transit or rail-type vehicles, one 
way of checking the safe operation of the microproces 
sor is to use the clock pulse, which provides the neces 
sary timing to the microprocessor, to maintain a power 
up circuit, the absence of which shuts the microproces 
sor down. The problem with such an operation is that 
the clock pulse is not an accurate indication of the 
working condition of the hardware and software seg 
ments of the microprocessor, and, as such, an accuracy 
problem arises. Additionally, merely shutting down the 
microprocessor does not always result in the shutdown 
to a more restrictive or desirable condition of the sys 
tem it is controlling, namely, a braking system in this 
situation. Still other microprocessor applications in this 
area have used multiple, parallel microprocessors with 
voting arrangements to verify the integrity of the mi 
croprocessor control arrangement. Inherently disad 
vantageous in this approach, is the increased cost due to 
the increased number of components required. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide 
a pulse train presence detector for monitoring the oper 
ation of the hardware and software segments of the 
microprocessor-control arrangement, and initiating a 
braking application upon detection of a failed condition 
in such microprocessor-control arrangement. 

It is a further object of the invention to provide such 
a pulse train presence detector utilizing a minimum 
number of components. 

It is yet a further object of the invention to provide 
such a pulse train presence detector whereby the failure 
of any component in the pulse train presence detector 
circuit results in a more restrictive braking application. 

Briefly, the invention consists of an electronic logic 
unit which, in this case, is shown as a microprocessor 
programmed to operate a vehicle braking system utiliz 
ing such criteria as vehicle speed, weight, wheel trac 
tion, torque, and braking signals. The microprocessor 
includes an operation whereby a trigger pulse is output 
during specific operating program occurrences. The 
trigger pulse initiates a pulse train signal being output 
from a pulse generator. Such pulse train signal having 
"high' and "low" segments, such as, for example, the 
peaks and troughs when the waveform is a sinusoidal or 
square wave, or other waveforms having respective 
cyclical "high' and "low' portions. This pulse train is 
then coupled to the base electrode of an NPN transistor. 
The collector electrode of the transistor has connected 
thereto a resistor and a capacitor timing arrangement. 
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2 
The capacitor is charged when the input pulse train is at 
a low condition, thereby shutting the transistor "off" 
and establishing a current path through the resistor and 
capacitor to ground. This charged first capacitor is then 
used to energize a vital relay by discharging through a 
second current path once the transistor is activated to 
an "on" condition as a result of a high portion of the 
pulse train being input thereto. This second current path 
connects the first capacitor to ground and includes the 
relay, a second diode, the first capacitor, and the collec 
tor-to-emitter junction of the transistor. As the first 
capacitor is discharging and holding the relay up, a 
second capacitor connected across the relay, is being 
charged such that, as the pulse train again goes low, 
thus reestablishing the first current path, the second 
capacitor can now serve to hold the relay in the "up" 
position. The second capacitor's timing constant is es 
tablished in conjunction with the resistive value of the 
coil of the vital relay and that constant, together with 
the first timing constant established by the first resistor 
and capacitor arrangement, are chosen to coincide with 
the frequency of the pulse train. At least one set of 
normally open or "front' contacts of the relay is used to 
close a circuit which controls application of the force 
motor associated with the brake actuator, and indicates 
the status of the pulse train as well. Other segments of 
the brake system could be interrupted by the operation 
of the contacts as well; for instance, a magnet valve or 
emergency valve could be affected. A steady high or 
low input to the transistor results in an interruption of 
the charging/discharging cycle of the respective first 
and second capacitors, therefore, dropping the relay 
and opening the indication/control circuit. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a pulse train pres 
ence detector, constructed in accordance with the in 
vention. 
FIG. 2 is a diagrammatic view in flow-chart form of 

the operation of generating a pulse train according to 
the invention. 

DESCRIPTION AND OPERATION 

As seen in FIG. 1, a pulse train presence detector for 
use with a microprocessor-controlled braking arrange 
ment includes a pulse generator 17 activated into cycli 
cally alternating high and low states upon introduction 
of a trigger pulse input thereto. Such a trigger pulse can 
occur in the form of periodic high-input signals gener 
ated by an electronic logic unit 2 which, in this instance, 
is a microprocessor, but can be satisfied by an arrange 
ment of discrete logic components as well. The trigger 
pulse is generated at a specific, predetermined fre 
quency by the electronic logic unit 2 as a function of 
specific operations steps performed by the electronic 
logic unit 2. Such operating steps are shown in FIG. 2, 
in the form of a logic flow chart. It can be appreciated 
that the frequency and timing of the trigger pulse can be 
varied over a range of values and still perform the de 
sired monitoring or "watch dog' function which, in the 
event of a failure of any set of operating instructions or 
hardware components, results in the termination of the 
trigger pulse. Additionally, the specific operating steps 
after which the trigger pulse is generated can be modi 
fied; it is only important that the trigger pulse be an 
accurate indication that the program is executing the 
instructions in the proper prearranged manner. 



4,685,052 
3 

As further seen in FIG. 1, the electronic logic unit 2, 
in addition to the trigger pulse output, also includes a 
plurality of input lines 18 and a plurality of output lines 
19. The input lines 18 allow for communicating the 
necessary input data to the electronic logic unit 2 for 
processing and determining therefrom braking opera 
tions. Such input data includes, but is not limited to: 
vehicle speed, vehicle load, wheel traction, wheel 
troque, and braking force requested. The output lines 19 
direct the necessary command functions to the braking 
equipment to effect the determined vehicle braking 
force. 
The pulse generator 17 receives the trigger pulse and, 

as a consequence thereof, changes the output state at the 
generator output 20 to the opposite state as existed prior 
to receiving that specific trigger pulse. Such an opera 
tion can be performed by a flip-flop arranged such that 
the specific frequency trigger pulse results in an alter 
nating arrangement of high and low state changes thus 
forming a pulse train having a frequency proportional 
to the trigger pulse. 
Connected between the generator output 20 and the 

base electrode b1 of an NPN transistor Q1 is a bias 
resistor R2. The bias resistor R2 is of a value chosen to 
allow the flow of necessary base current to the base 
electrode b1 of the transistor Q1, which turns the tran 
sistor Q1 "on' when the pulse train is at a high state. 
The emitter electrode e1 of transistor Q1 is connected 

to the anode electrode of diode D1 through a junction 
point ED; the cathode electrode of diode D1 is con 
nected to ground. It should be noted that this diode 
serves to insure the shutting “off” of transistor Q1 when 
the trigger pulse is in the low state by providing a diode 
valued drop between the emitter electrode e1 and 
ground, a Zener diode or more than one diode in series 
could be substituted therefor The junction point ED 
between the emitter electrode e1 and the anode elec 
trode of the diode D1 is connected to one lead of a 
resistor R3, which resistor R3 is connected to a positive 
Voltage source V-- at the other lead. Also connected to 
the voltage source is one lead of a timing resistor R1. 
The other lead of the timing resistor R1 is connected to 
the junction point CR. This junction point CR is cou 
pled in one direction with the collector electrode c1 of 
transistor Q1, and in another direction with one plate of 
a first timing capacitor C1. The operation of charging 
and discharging the first timing capacitor C1 as a func 
tion of the state of the transistor Q1 will be described 
hereinafter in further detail. 
The second plate of first timing capacitor C1 is con 

nected to junction point CD. Coupled in one direction 
to junction point CD is the anode electrode of a third 
diode D3, the cathode electrode of diode D3 being 
connected to ground. Coupled in another direction 
from junction point CD is the cathode electrode of a 
second diode D2. The anode electrode of diode D2 is 
connected to junction point DR. The junction point DR 
has connected thereto the negative coil terminal of a 
vital relay RL1 in addition to one plate of a second 
timing capacitor C2. Disposed between junction point 
DR and the first plate of the second timing capacitor C2 
is a jumper block 20, this block can merely serve to 
connect the junction point DR to timing capacitor C2 
or a variable resistor (not shown) can be inserted therein 
to provide a means for tuning the resistance, capaci 
tance value in this second current path. The second 
plate of the second timing capacitor C2 is coupled to the 
positive coil terminal of relay RL1, which is then con 
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4. 
nected to ground. Associated with the coil of relay RL1 
is an inherent resistive value which, together with the 
capacitive value of the second timing capacitor C2, 
determines the associated charging and discharging 
times of C2. It should be pointed out at this time that, in 
order to maintain the integrity of the entire circuit, the 
relay RL1 must, itself, be a vital type relay. 
As further seen in FIG. 1, a first set of contacts 10 of 

relay RL1 is shown as a normally-open set of contacts. 
The normally-open contacts 10 are shown to operate an 
indication, control element 11, which can include 
therein such features as the power circuit to the elec 
tronic logic unit 2, as well as a circuit to the force motor 
which controls the brake actuator, or other safety ele 
ment associated with the braking system of a mass 
transit type vehicle such as the brake pressure control 
valve 30. Other contacts of relay 1 can be used to con 
trol additional relays, as well as to indicate the status of 
the control functions previously described and the indi 
cation, control element 11. 

In operation, the electronic logic unit 2 generates a 
trigger pulse upon specific operational occurrences as 
are illustrated in the flow chart of FIG. 2; which occur 
rences indicate proper operation of the electronic logic 
unit 2, such trigger pulses being coupled to the pulse 
generator 17. The pulse generator, upon receiving the 
trigger pulses, outputs at the generator output 20 a pulse 
train of a predetermined frequency. When the pulse 
train is presented to the base electrode b1 of the transis 
tor Q1 in a high state, which allows current to flow to 
the base electrode b1, transistor Q1 is operated to an 
"on' state. During the low portion of a pulse train, no 
current can flow to the base electrode b1 of the transis 
tor Q1 at which occurrence, the transistor Q1 is turned 
to an “off” state. When the transistor Q1 is turned "off", 
a first current path is established from the positive volt 
age source through the first timing resistor R1, through 
the junction point CR, the first timing capacitor C1, the 
junction point CD, diode D3, which is arranged such 
that current flows from the cathode connection of diode 
D3, to the ground connection. As the current flows in 
this first current path, the first timing capacitor C1 is 
charged such that, a predetermined first voltage is de 
veloped during a predetermined first time period deter 
mined by the resistive and capacitive values of the first 
timing resistor R1 and first timing capacitor C1. During 
the charging of the first timing capacitor C1, current is 
prevented from flowing to relay RL1 by the second 
diode D2. As the pulse train goes from the low to high 
state, thus turning "on' transistor Q1, the first plate of 
the timing capacitor C1 becomes connected to ground 
through the collector to emitter diode of the transistor 
Q1, and the first diode D1. At this time, the second 
current path established allows the discharging of the 
first timing capacitor C1 through the second diode D2 
and the relay RL1, the current thus flowing in the sec 
ond current path serving to hold the relay RL1 in the 
'up' or energized condition. During the discharging 
time of the first timing capacitor, this current flowing in 
the second current path also serves to charge the second 
timing capacitor C2 at a rate dictated by a second pre 
determined timing constant established by the capaci 
tive value of the second timing capacitor C2, and the 
resistive value associated with the coil of the relay RL1. 
When the pulse train again goes low, thus turning 

"off the transistor Q1 and reestablishing the first cur 
rent path from the voltage source through the first 
timing resistor R1, first timing capacitor C1 and first 
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diode D1 to ground, the first timing capacitor C1 is 
again charged and the second current path is closed. 
The relay RL1, however, is still energized at this time, 
as a result of the second timing capacitor C2 now dis 
charging through the relay RL1 to hold the relay in the 5 
'up' condition. In this manner, it can be appreciated 
that the relay RL1 is maintained in the energized posi 
tion by the alternating charging and discharging opera 
tions of the respective first and second timing capacitors 
C1, C2, which alternating charging and discharging 10 
operation comes about as a result of turning "on' and 
turning "off" of the transistor Q1 by the pulse train. 

In the event of a failure in the microprocessor or 
electronic logic unit 2, whether in the hardware or 
operating instruction segments, the trigger pulse will no 
longer be produced, thus terminating the pulse train 
output from the generator output 20. In this occurrence, 
the transistor Q1 will be turned "off" and the first cur 
rent path will be established indefinitely. Under this 
situation, the second timing capacitor C2 can only main 
tain the relay RL1 in the energized state as long as the 
discharging current flows therethrough. However, this 
discharging current will run out absent the discharging 
current of the timing capacitor C1 flowing through the 
second current path. 

Conversely, if the pulse train generator fails in the 
state whereby the pulse train is presented at a constant 
high level, thus turning the transistor Q1 "on' for an 
indefinite period of time, the second current path is 30 
established indefinitely and the first current path cannot 
be put into effect to charge the capacitor C1. In either 
the failed high or failed low state of the pulse train, the 
alternating charging and discharging operations of the 
respective first and second timing capacitors C1 and C2 is 
cannot take effect, and the relay RL1 will drop out 
thereby causing the first set of contacts 10 to open, 
which effects a shutdown of the braking arrangement. 
It can be appreciated further that, due to the minimum 
number of electrical components and the interrelation- 40 
ship of those components through the first and second 
current paths, a failure of any one of the components 
will also result in the termination of the alternating 
charging and discharging timing operations. 
The scheme for selecting the pulse train frequency 45 

and the first and second timing constant associated with 
the first timing resistor R1, first timing capacitor C1 
arrangement and second timing capacitor C2, relay 
resistance arrangement are influenced by a consider 
ation that a single instantaneous type failure, as can 50 
occur from a voltage spike, will be ignored and only a 
more lengthy failure will be recognized as being suffi 
cient to eliminate the pulse train and effect a brake 
application. 
Although the hereinabove-described embodiment of 55 

the invention constitutes a preferred form, it can be 
appreciated that modifications can be made thereto 
without departing from the scope of the invention, as 
detailed in the appended claims. An example of such a 
modification could be the substitution of a typical polar- 60 
biased relay in place of a vital relay RL1. Additionally, 
the pulse generator need not be provided by a separate 
element but can be operationally substituted therefor by 
a specialized output device associated with the micro 
processor hardware. 65 

I claim: 
1. A pulse train presence detector for a microproces 

sor-controlled vehicle braking system having interrupt 
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6 
ible safety components, said pulse train presence detec 
tor comprising: 

(a) a pulse generator coupled to the microprocessor 
and receptive of an operating signal generated by 
the microprocessor upon substantially continuous 
microprocessor operation, said pulse generator 
outputting a pulse train of a predetermined fre 
quency in response to such operating signal; 

(b) a transistor member having a base electrode cou 
pled to said pulse generator such that, such pulse 
train, when in a high state, turns said transistor 
"on', and, when such pulse train is in a low state, 
turns said transistor "off'; 

(c) a first current path connected to a collector elec 
trode of said transistor, wherein a first current 
flows therethrough when said transistor is turned 
"off", said first current path including a first resis 
tor and a forward-biased first diode; 

(d) a second current path connected to said first cur 
rent path wherein a second current flows when 
said transistor is turned "on', said second current 
path including a reverse-biasca second diode cou 
pled adjacent said forward-biased first diode such 
that, said first current flowing in said first current 
path is prevented from flowing in said second cur 
rent path and said second current flowing in said 
second current path is prevented from flowing in 
said first current path when said transistor is in said 
“off” state; 

(e) first storing means in said first current path for 
storing a current change at a predetermined first 
voltage, said first voltage being achieved following 
said first current flowing in said first current path 
for a predetermined first time period; 

(f) a relay member in said second current path and 
having a coil portion which is energized by said 
second current flowing in said second current path 
such that at least one set of relay contacts are oper 
ated thereby in conjunction with the interruptible 
safety components to detect the presence of said 
pulse train, said coil having a resistive value associ 
ated therewith; and 

(g) second storing means in said second current path 
for storing a current change at a predetermined 
second voltage, said second voltage being achieved 
following said second current flowing in said sec 
ond current path for a predetermined second time 
period, said second current flowing as a function of 
said resistive value of said coil and said first voltage 
stored in said first storing means and introduced to 
said second current path when said transistor is 
turned "off', said second current continuing to 
flow in said second current path and said second 
current being a function of said second voltage and 
said resistive value of said coil when said transistor 
is turned "on'. 

2. A pulse train presence detector, as set forth in 
claim 1, wherein said first storing means includes a first 
timing capacitor in said first current path adjacent said 
first resistor and said collector electrode of said transis 
tor. 

3. A pulse train presence detector, as set forth in 
claim 1, wherein said second storing means includes a 
second timing capacitor in said second current path 
adjacent said coil portion of said relay. 

4. A pulse train presence detector, as set forth in 
claim 1, wherein said first timc period corresponds 
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substantially to the duration of said low state of said 
pulse train. 

5. A pulse train presence detector, as set forth in 
claim 1, wherein said second time, period corresponds 
substantially to the duration of said high state of said 
pulse train. 

6. A pulse train presence detector, as set forth in 
claim 1, further comprising at least one forward-biased 
third diode serially connected between an emitter elec 
trode of said transistor and ground. 

7. A pulse train presence detector, as set forth in 
claim 3, wherein said second timing capacitor is in said 
second current path in parallel relation to said coil por 
tion of said relay, said second storing means further 
including a variable resistor arranged in series with said 
second timing capacitor such that said predetermined 
second time period can be tuned thereby. 

8. A pulse train presence detector, as set forth in 
claim 1, wherein a first set of said at least one set of 
contacts operates to an open condition in the absence of 
current flowing in said second current path such that at 
least one of the interruptible safety components is inter 
rupted to affect a brake application. 

9. A pulse train presence detector, as set forth in 
claim 1, wherein such first stored voltage is substan 
tially equivalent in value to said second stored voltage. 

10. A pulse train presence detector, as set forth in 
claim 1, wherein said pulse generator is an electronic 
interfacing device connected between an output of the 
microprocessor and said base electrode of said transis 
tor, said electronic interfacing device outputting an 
inverted signal upon receiving a trigger pulse. 

11. A method of detecting the presence of a pulse 
train indicative of microprocessor operation in control 
ling a vehicle brake system having interruptible safety 
components, said pulse train presence detecting method 
comprising: 

(a) generating an operating signal from the micro 
processor upon substantially continuous micro 
processor operation; 
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8 
(b) receiving said operating signal on a pulse genera 

tor and outputting a pulse train signal in response 
thereto; 

(c) communicating said pulse train signal to a base 
electrode of a transistor such that a high portion of 
said pulse train signal activated the transistor to an 
"on' state and a low portion of said pulse train 
signal deactivates the transistor to an "off' state; 

(d) establishing a first current path connected in part 
to a collector electrode of said transistor when said 
transistor is in the 'off' state such that a first cur 
rent flows therethrough; 

(e) establishing a second current path connected in 
part to said first current path when said transistor is 
in the "on' state such that a second current flows 
therethrough; 

(f) blocking flow of current from said first current 
path to said second current path when said transis 
tor is in said "off' state and from said second cur 
rent path to said first current path when said tran 
sistor is in the "on' state; 

(g) charging a first storage member in said first cur 
rent path to a predetermined first voltage when 
said transistor is in said "off state; 

(h) inducing said second current in said second cur 
rent path when said transistor is in said "on' state 
as a function of said first stored voltage and the 
resistive value associated with a coil portion of a 
relay in said second current path; 

(i) charging a second storage member in said second 
current path to a predetermined second voltage 
when said transistor is in the "on' state; 

(j) maintaining the flow of said second current 
through said second current path when said transis 
tor is in said "on" state as a function of said prede 
termined second voltage and said resistive value 
associated with said coil; and 

(k) energizing said coil of said relay such that at least 
one set of contacts is operated thereby. 

12. A method of detecting the presence of a pulse 
train, as set forth in claim 11, further comprising adjust 
ing the time associated with charging said second stor 
age member by tuning an adjustable resistor member in 
said second current path. 
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